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(57)Abstract 

PROBLEM TO BE SOLVED: To provide a magnetic recording 
medium which is useful in use respectially in an HDD, whose 
coercive force is high, and also whose recording density is high. 
SOLUTION: This magnetic recording medium is provided with a 
nonmagnetic substrate 1 , and a nomagnetic substrate layer 2 
and a magnetic layer 3 which are formed sequentially on the 
substrate 1 . The substrate layer 2 is composed of nonmagnetic 
polycrystal particles. The magnetic layer 3 is composed of 
magnetic CoCr-based alloy particles. At this time, the planar 
size of the magnetic alloy particles is prescribed by the planar 
size of the polycrystal particles, and it is constituted to be at 
20 nm or lower. 
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♦NOTICES* 

JPO and NCZPI are not responsible for any 
damages caused by tbe use o£ this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 ♦♦♦* shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the magnetic-recording medium which has a nonmagnetic substrate, and the nonmagnetic 
substrate layer and nonmagnetic magnetic layer by which sequential formation was carried out on the 
substrate Said substrate layer consists of a nonmagnetic polycrystal ingredient, and said magnetic layer 
consists of a magnetic cobalt chrome system alloy particle. The magnetic-recording medium which is 
prescribed by the superficial magnitude of the polycrystal particle from which the superficial magnitude of 
said magnetic alloy particle constitutes said substrate layer in that case, and is characterized by being 20nm 
or less. 

[Claim 2] The magnetic-recording medium according to claim 1 characterized by the cobalt chrome system 
alloy of said magnetic layer containing platinum further. 

[Claim 3] The magnetic-recording mediimi according to claim 1 characterized by making said magnetic 
layer deposit on the bottom of the condition of a substrate of not heating, in a vacuxim. 
[Claim 4] The magnetic-recording medium according to claim 3 characterized by using a spatter for 
deposition of said magnetic layer. 

[Claim 5] The magnetic-recording medium according to claim 1 characterized by spreading said magnetic 
layer in the grain boundary of said magnetic alloy particle, and containing the non-magnetic metal element 
made to segregate. 

[Claim 6] The magnetic-recording mediimi according to claim 5 characterized by being the member chosen 
firom the group which said non-magnetic metal element becomes fi^om chromium, molybdenum, and carbon. 

[Claim 7] The magnetic-recording medimn according to claim 5 characterized by said non-magnetic metal 
element being made to spread and segregate by carrying out annealing further under the conditions holding a 
vacua after making said magnetic layer deposit on the bottom of the condition of a substrate of not heating, 
in a vacuum by the grain boundary of said magnetic alloy particle. 

[Claim 8] In manufacturing the magnetic-recording medium which has a nonmagnetic substrate, and the 
nonmagnetic substrate layer and nonmagnetic magnetic layer by which sequential formation was carried out 
on the substrate On a nonmagnetic substrate, make a nonmagnetic polycrystal ingredient deposit on the 
bottom of the condition of a substrate of not heating, in a vacuum, and a substrate layer is formed. And on 
said substrate layer, make a magnetic cobalt chrome system alloy particle deposit on the bottom of the 
condition of a substrate of not heating, in a vacuum, and a magnetic layer is formed. The manufacture 
approach of the magnetic-recording medium characterized by for the superficial magnitude of the 
polycrystal particle which constitutes said substrate layer prescribing the superficial magnitude of said 
magnetic alloy particle in that case, and being referred to as 20nm or less. 

[Claim 9] The manufacture approach of the magnetic-recording medium according to claim 8 characterized 

by making the cobalt chrome system alloy of said magnetic layer contain platinum further. 

[Claim 10] The manufacture approach of the magnetic-recording medium according to claim 8 characterized 

by using a spatter for deposition of said substrate layer and a magnetic layer, respectively, 

[Claim 1 1] The manufacture approach of the magnetic-recording medium according to claim 8 characterized 

by making the grain boundary of the magnetic alloy particle of said magnetic layer diffuse a non-magnetic 

metal element, and making it segregate. 

[Claim 12] The manufacture approach of the magnetic-recording medium according to claim 1 1 
characterized by being the member chosen from the group which said non-magnetic metal element becomes 
fi-om chromium, molybdenum, and carbon. 

[Claim 13] The manufacture approach of the magnetic-recording medium according to claim 1 1 
characterized by attaining by carrying out annealing further under the conditions holding a vacua after 
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♦NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] When this invention is described in more detail about a magnetic-recording medium, 
it relates to the magnetic-recording medium which can be used in favor of the hard disk drive equipment 
(henceforth "HDD") of a computer. This invention relates to the manufacture approach of such a magnetic- 
recording medium again. 
[0002] 

[Description of the Prior Art] As for the magnetic-recording medium, it is usually common to prepare a 
substrate layer between a nonmagnetic substrate and a magnetic layer in order to control the crystal 
orientation of the magnetic grain which consists of as everyone knows, a nonmagnetic substrate, and the 
magnetic layer formed on the substrate, i.e., the thin fihn of a magnetic record ingredient, and constitutes a 
magnetic layer further. If it explains still more concretely, the magnetic-recording medium which formed the 
substrate layer of the alloy which makes a principal component chromium (Cr), titanium (Ti), or them on 
nonmagnetic substrates, such as glass and a silicon substrate, and formed the magnetic layer which consists 
of a cobalt chrome (following, CoCr) system alloy which uses Co as a principal component further on this 
substrate layer is used for the current general target. 

[0003] By the way, improvement in recording density, i.e., the demand of a raise in recordmg density, is 
increasing also by the magnetic-recording medium used for it with buildup of a remarkable capacity in 
recent years in HDD. In order to realize this high recording density-ization, it is necessary to attain thin- 
film-izing of the magnetic layer which constitutes a magnetic-recording medium, high-resolution-izing, 
raise in coercive force, and low noise-ization. That is, by the magnetic-recording medium, the area which 
per [ in a magnetic layer ] bit occupies comes to be reduced as the recording density is raised. In order to 
secure the leakage magnetic field generated from a 1-bit magnetization field under such a situation, it is 
necessary to make it correspond to the cutback of bit size, to thin-film-ize a magnetic layer, and to hold the 
magnetic field condition of a semicircle arc, and it necessary to mitigate lowering of a signal output. 
Furthermore, narrowing bit spacing also needs reduction of the microcrystal granulation made to correspond 
to thin film-ization, and the magnetic interaction between grains, in order to improve the magnetic-domain 
structure in a magnetization transition region and to attain low noise-ization, since it is required. Thus, if low 
noise-ization can be attained, high-resolution-izing and high coercive force-ization can also be united and 
attained. 

[0004] By the magnetic-recording medium formed conventionally, the grain boundary of the polycrystal 
film of the CoCr system alloy which constitutes that magnetic layer is made to segregate Cr, and reduction 
of the interaction between grains is in drawing by making this field nonmagnetic. As the approach of Cr 
segregation, where substrate heating is carried out, the magnetic layer of polycrystal structure is deposited 
by the spatter, for example, and the method of making the grain boundary segregate Cr contained in the 
target during deposition is mentioned. Here, elevated-temperature-ization of substrate heating under addition 
of an additional element and deposition of a magnetic layer, such as Ta effective in buildup of Cr addition 
ratio to the inside of a magnetic layer alloy and acceleration of Cr diffusion, etc. is often performed for 
acceleration of Cr segregation. When an example about the temperature of substrate heating is given, it is 
200-300 degrees C, for example. 

[0005] However, although the effectiveness of acceleration of Cr segregation and reduction of the 
interaction between grains based on it can be acquired if the means for promoting Cr segregation which was 
described above is used, an adverse effect is simultaneously done about the microcrystal granulation which 
is one object now, and it becomes difificuh to attain both simultaneously and to control them. It is actually 
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10 Gb/in2. Even if it thin-film-izes a magnetic layer to the thickness 20nm or less which is needed in order 
to attain the above high recording density-ization, it is difficult to realize sufficient Cr segregation, after 
carrymg out microcrystal granulation of the magnitude of superficial crystal grain at 20nm or less. 
Furtiiermore, heating a substrate during deposition is performing it, the adsorption gas which exists in a 
substrate and a membrane formation chamber is emitted, and since the inconvenience that the degree of 
vacuaun in a chamber falls, and this gas change a burst size and a type of gas according to the condition of 
the adhesion film of humidity or a chamber, they cause the inconvenience of becoming the destabilizing 
factor of the property of the formed magnetic layer. 
[0006] 

[Problem(s) to be Solved by the Invention] The object of this invention is to offer the magnetic-recording 
medium which can cancel a trouble of a Prior art which was described above and can be used in favor 
especially of HDD and which realized high recording density-ization. Moreover, another object of this 
invention is to offer the advantageous manufacture approach of such a magnetic-recording medium. 
[0007] He could imderstand easily the object which this invention described above, and the other objects 
fi-om the following detailed explanation. 
[0008] 

[Means for Solving the Problem] In the magnetic-recording medium which has the nonmagnetic substrate 
layer and nonmagnetic magnetic layer by which sequential formation of this invention was carried out on a 
nonmagnetic substrate and its substrate in the one field Said substrate layer consists of a nonmagnetic 
polycrystal ingredient, and said magnetic layer consists of a magnetic cobalt chrome (CoCr) system alloy 
particle. The magnetic-recording medium which is prescribed by the superficial magnitude of the 
polycrystal particle fi-om which the superficial magnitude of said magnetic alloy particle constitutes said 
substrate layer, and is characterized by being 20nm or less is offered in that case. 

[0009] Moreover, this invention is in charge of manufacturing the magnetic-recording mediimi which has a 
nonmagnetic substrate, and the nonmagnetic substrate layer and nonmagnetic magnetic layer by which 
sequential formation was carried out on the substrate in the field of another. On a nonmagnetic substrate, 
make a nonmagnetic polycrystal ingredient deposit on the bottom of the condition of a substrate of not 
heating, in a vacuum, and a substrate layer is formed. And on said substrate layer, make a magnetic CoCr 
system alloy particle deposit on the bottom of the condition of a substrate of not heating, in a vacuum, and a 
magnetic layer is formed. The manufacture approach of the magnetic-recording medium characterized by 
for the superficial magnitude of the polycrystal particle which constitutes said substrate layer prescribing the 
superficial magnitude of said magnetic alloy particle, and being referred to as 20nm or less is offered in that 
case. 

[0010] A technical problem which was described above according to this invention is solvable by using a 
means to realize the laminated structure as which the superficial size of the crystal grain which constitutes 
the magnetic layer deposited on the upper layer was specified, and to control superficial magnetic grain size 
by superficial size of the crystal grain which constitutes a substrate layer. And it becomes possible to aim at 
reduction of the interaction between grains, therefore to control Cr segregation and magnetic grain size 
independently by promoting segregation (it being hereafter described also as "Cr segregation" with reference 
to Cr which is the example of a type of non-magnetic metal) of the non-magnetic metal element to the grain 
boundary of the magnetic layer of polycrystal structure, without changing such a laminated structure. 
Moreover, according to this invention, in order to realize acceleration of such a laminated structure and Cr 
segregation, the medium formation technique of performing deposition of a substrate layer and a magnetic 
layer under the conditions which do not perform substrate heating (room temperature deposition; a spatter 
being preferably used as a depositing method), performing postannealing after forming the laminated 
structure considered as a request, and aiming at acceleration of Cr segregation is useful. In this medium 
formation technique, control of Cr segregation comes out through control of the temperature of 
postannealing, and is easily possible. Moreover, by changing the thickness and the rate of sedimentation of 
the substrate layer, it is easily realizable, and a substrate layer can be thin-fihn-ized or, specifically, control 
of the superficial crystal grain size of the substrate layer which determines the superficial size of a magnetic 
grain can be realized by reducing [ second ] the rate of sedimentation in 5nm /or less. 
[001 1] this invention person found out that there was a phenomenon of the interaction between grains 
increasing and causing lowering of coercive force, when only the superficial size of a magnetic grain was 
reduced where width of face of the nonmagnetic field in the grain boundary section formed of Cr 
segregation is made the same, when the superficial size of a magnetic grain is 20nm or less, and detailed- 
ization was performed. However, in the case of this invention, even if the interaction between grains 
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increases, reduction of a medium noise can be aimed at. Therefore, if the problem of lowering of coercive 
force is solvable, the above phenomena will not pose a problem, this invention person discovered that the 
problem of lowering of coercive force can be solved by adding by the addition ratio which had Pt further 
raised to a CoCr system alloy. 
[0012] 

[Embodiment of the Invention] Then, this mvention is explained about the gestalt of the desirable operation. 
Drawing 1 is the sectional view showing a desirable example of the magnetic-recording medium by this 
invention. The laminating of the substrate layer 2 to which the magnetic-recording medium 10 consists of a 
nonmagnetic polycrystal ingredient, for example, Cr etc., on the nonmagnetic substrates 51, such as glass 
and silicon, is carried out, and the laminating of the magnetic layer 3 which consists of a magnetic CoCr 
system alloy, for example, CoCrPt etc., further on the substrate layer 2 is carried out. The magnetic layer 3 
may have monolayer structure like a graphic display, or if it is possible and can desire improvement in a 
medium property, it may have the two-layer structure or the other multilayer structure which consists of the 
upper layer and a lower layer. A lubricant layer sinks into a protective coat 4, and the magnetic layer 3 is 
covered, although it is not illustrated while being protected by the protective coats 4, such as carbon (C). As 
typically shown in drawing 2 , the magnetic layer 3 of the magnetic-recording medium 10 is densely 
arranged, after many magnetic grains 13 have opened few openings between particles. 
[0013] By the magnetic-recording medium of this invention, when the laminating of a substrate layer and 
the magnetic layer is carried out one by one on a substrate, as typically shown in drawjng.3 , the condition 
that the superficial size of the magnetic grain 13 of a magnetic layer 3 was prescribed by the superficial size 
of the polycrystal particle 12 of the substrate layer 2 is realized. By the medium which has such a laminated 
structure, the superficial crystal grain size of the magnetic layer by which a laminating is carried out on it is 
controllable by the superficial crystal grain size of a substrate layer. 

[0014] Control of such crystal grain size cannot be carried out by the laminated structure of the conventional 
magnetic-recording medium. That is, it is because it is made for the magnetic grain 13 of a magnetic layer 3 
to be activated and the excessive particle growth (migration) over two or more polycrystal particles 12 of the 
substrate layer 2 occurs, in order to heat a substrate 1 on the occasion of the laminating of a magnetic layer 3 
as the conventional medium shows to drawing 4 typically. As a result, the superficial crystal grain size of a 
magnetic layer is uncontrollable by the superficial crystal grain size of a substrate layer in contrast with the 
laminated structure of this invention. 

[0015] Furthermore, when it explains with reference to drawin g 2 again, it is desirable that the non-magnetic 
metal particles 14, such as Cr, Mo, and C, are spread in the grain boundary of the magnetic grain 13 of a 
magnetic layer 3, and you are made to segregate by the magnetic-recording medium of this invention. Here, 
the non-magnetic metal particle you should be made to segregate may be contained in the the very thing 
magnetic layer, or may be contained in the metal bleedoff layer which contacted soon and was formed on 
the substrate layer or the magnetic layer. Preferably, the segregation of non-magnetic metal can be carried 
out by performing annealing (the so-called postannealing) further under the conditions holding a vacua, after 
making a magnetic layer deposit on the bottom of the condition of a substrate of not heating, in a vacuum (if 
the segregation of non-magnetic metal is dependent on a metal bleedoff layer after making a metal bleedoff 
layer deposit). As for postannealing, it is desirable to carry out by whenever [ stoving temperature / which 
Cr concentration in a magnetic grain does not increase ] so that the crystal magnetic-anisotropy field of a 
magnetic layer may not fall. If whenever [ this stoving temperature ] is too high, in order that the diffusion 
to the magnetic layer of non-magnetic metal may arise too much and a magnetic layer may make it 
nonmagnetic, it is desirable to carry out with the annealing temperature of less than 600 degrees C. 
whenever [ stoving temperature / of the substrate in the case of postannealing ] - therefore, it is desirable 
that it is the range of 200-550 degrees C, and it is usually still more desirable that it is the range which is 
400-500 degrees C. Especially in operation of this invention, whenever [ stoving temperature / with 
desirable desirable in that case using Cr as non-magnetic metal ] is usually around 450 degrees C. 
[0016] The magnetic-recording medium of this invention may come to prepare the magnetic layer which 
consists of a substrate layer of various kinds of non-magnetic materials, and a CoCr system magnetism alloy 
on a nonmagnetic substrate one by one, and may have the additional layer if needed. Preferably, each layer 
is deposited on the bottom of the condition of a substrate of not heating, in a vacuum (ordinary temperature 
deposition), and can use a spatter especially as a depositing method. As for spatter membrane formation, in 
existence of inert gas, such as for example, argon (Ar) gas, it is desirable to carry out under the gas pressure 
of 3mTorr extent 

[0017] In the magnetic-recording medium of this invention, the nonmagnetic substrate used as that base can 
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consist of various substrate ingredients in ordinary use in this technical field. However, since the substrate 
used here performs in manufacture of the magnetic-recording medium of this invention, annealing, i.e., 
postannealing, after forming membranes for achievement of high coercive force, it can bear the temperature 
in that case. Although not necessarily limited to what is enumerated below as a suitable substrate, the silicon 
substrate which has for example, the scaling film (for example, silicon oxide Si02), a SiC substrate, a 
carbon substrate, a glass substrate, a tempered glass substrate (a glass-ceramics substrate etc. is included), a 
ceramic substrate, etc. can be mentioned. A silicon substrate, a carbon substrate, a glass substrate, a glass- 
ceramics substrate, etc. can be iised especially advantageously. 

[001 8] The substrate layer on a nonmagnetic substrate consists of a Cr system non-magnetic material 
preferably, as described above. Cr system non-magnetic material which constitutes a substrate layer may be 
Cr system alloy which may become since Cr is independent as generally carried out in this technical field, 
otherwise contains Cr and other metals as a principal component. A chrome molybdenum (CrMo) system 
alloy etc. can be mentioned as a suitable Cr system alloy. For example, by adding molybdenum (Mo) in Cr 
thin fihn generally conventionally used as a substrate layer, the epitaxial growth between substrate layer- 
magnetism crystal grain children can be promoted, the stacking tendency within a field of a magnetic crystal 
grain child's easy axis (C shaft) can be promoted, and the outstanding over-writing property and the 
outstanding high resolution can be embodied. 

[0019] Moreover, it may replace with Cr system non-magnetic material depending on the case, and a 
substrate layer may be formed using (Nickel nickel) system non-magnetic material etc. They are suitable 
nickel system non-magnetic material, NiP, or a NiZr alloy. The examples of representation of a NiP alloy 
are nickel2 P, nickeB P, etc. Such a substrate layer has the operation which raises a property, especially the 
coercive force and record reproducing characteristics of the magnetic layer formed on it. 
[0020] The method of depositing spatters, such as for example, the magnetron sputtering method, and others 
can be used for deposition of a substrate layer which was described above. The spatter is usefiil in respect of 
control of deposition of an alloy, or its presentation. The general more thinner one of the thickness of the 
substrate layer to deposit is desirable, and it is desirable that it is the range which is 2-20nm. Moreover, 
when this is converted into the rate of sedimentation and shown, it is the range of about 0.6-5nm/second. If 
the thickness of a substrate layer is smaller than 2nm, effectiveness as a substrate layer is not expectable. 
When thickness becomes larger than 20nm, it becomes impossible moreover, to make it detailed to extent of 
a request of the superficial crystal grain size of a substrate layer. This is also the same as when it separates 
fi-om the range which the rate of sedimentation of a substrate layer described above. 
[0021] In the magnetic-recording mediimi of this invention, the magnetic layer which should be formed on a 
nonmagnetic substrate layer can have various lamination and presentations, as long as the conditions that it 
consists of a particle of a CoCr system magnetism alloy are fiilfilled. For example, as touched also in 
advance, the magnetic layer may have monolayer structure, otherwise may have two-layer structxire or the 
multilayer structure beyond it. Moreover, in the case of multilayer structure, each magnetic layer may 
consist of particles of a CoCr system magnetism alloy which may consist of particles of the same CoCr 
system magnetism alloy, otherwise is different. 

[0022] The CoCr system magnetism alloy which can be used in favor of formation of a magnetic layer in 
operation of this invention includes a CoCr system magnetism alloy in ordinary use in formation of a 
magnetic layer in this technical field. The CoCr system magnetism alloy which can be advantageously used 
also in it is a CoCrPt alloy which uses Co as a principal component. That is, in addition, the desirable thing 
of the CoCr system magnetism alloy used by this invention contains Pt other than Co as a principal 
component including Cr fiirther. 

[0023] Pt contained in the above CoCr system magnetism alloys raises the anisotropy field (Hk) of a 
magnetic layer, and has the operation which makes coercive force increase. Since this operation becomes 
more remarkable [ Pt content ] at more than 6at%, Pt content of this invention is desirable in respect of an 
improvement of coercive force of the way made into the high content rate beyond 6at(s)% or it. The range 
where Pt addition at the time of using the above CoCr system magnetism alloys in this invention is desirable 
is less than [ 12at% ] more greatly than 6at%. 

[0024] As for the magnetic layer of this invention, it is especially usefiil to consist of a ternary alloy like the 
above-mentioned CoCrPt alloy in respect of a presentation or control of a property. However, a magnetic 
layer can also consist of other CoCr system magnetism alloys advantageously if needed, anotiier Co system 
magnetism alloy which can be used advantageously is independent about a tungsten (W), carbon (C), a 
tantalum (Ta), niobium (Nb), etc. fiirther at the CoCrPt alloy which uses Co as a principal component - it is 
- it is the alloy combined and added. 
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[0025] the above-mentioned CoCr system magnetism alloy is 4 yuan or the 5 yuan system alloy which 
contains Co as a principal component and it has combming W and (or) C including a 14 - 23at% Cr and 1 - 
20at% Pt further. If such an alloy is explained still more concretely, it can be expressed by the degree type. 
Cobal.-Crl4-23-Ptl-20-Wx-Cy (bal means the amount of balance among a top type, and x+y is 1 - 7at%). 
[0026] moreover, still more nearly another example of the above-mentioned CoCr system magnetism alloy 
is 4 yuan or the 5 yuan system alloy which contains Co as a principal component and it has combining Ta 
and (or) Mb including a 13 - 21at% Cr and 1 - 20at% Pt further. If such an alloy is explained still more 
concretely, it can be expressed by the degree type. 

Cobal.-Crl3-21-Ptl-20-Tax-Nby (bal. means the amount of balance among a top type, and x+y is 1 - 7at%). 
[0027] In the magnetic-recording medium of this invention, the method of depositing spatters, such as for 
example, the magnetron sputtering method, and others can be used for deposition of the magnetic layer. The 
spatter is useful in respect of control of deposition of an alloy, or its presentation. As for the thickness of the 
magnetic layer to deposit, generally, it is desirable that it is the range of 5.4-20nm. Moreover, when this is 
converted into the rate of sedimentation and shown, it is the range of about 0.6-5nm/second. If the thickness 
of a magnetic layer is smaller than 5.4nm, effectiveness as a magnetic layer is not expectable. Moreover, 
when thickness becomes larger than 20nm, it is 2 lOGB/inch. It becomes impossible to attain the above high 
recording density-ization. This is also the same as when it separates from the range which the rate of 
sedimentation of a substrate layer described above, 

[0028] It consists of CoCr system magnetism alloy particles, and the non-magnetic metal element which has 
preferably the operation which makes the grain boundary of the magnetic layer reduce the magnetic 
interaction between magnetic particles is made to segregate the magnetic layer of the magnetic-recording 
medium of this invention, as described above by diffusion. It is more desirable not to be the compound 
which is not small as for a diffusion coefficient, if the single element matter, for example, Cr, Mo, C, etc., is 
desirable and they put in another way as a non-magnetic metal element, since it is necessary to make the 
diffusion cause easily. 

[0029] If this invention is followed, diffusion of a between [ the magnetic particles of a non-magnetic metal 
element ] can be performed according to various techniques. One desirable approach is an approach of 
making the grain boundary of a magnetic particle diffusing non-magnetic metal by performing annealing 
after deposition of a magnetic layer depending on the non-magnetic metal beforehand contained in a 
magnetic layer in the non-magnetic metal element which should be diffused. Since Cr is already contained 
in the magnetic layer of this invention, this approach can be especially used for operation of this invention 
advantageously, in addition, the temperature to which it is desirable, annealing, i.e., postannealing, in this 
case, and the crystal magnetic-anisotropy field of a magnetic layer does not fall - 100-500-degree C less 
than 600 degrees C can be preferably carried out at the temperature around 450 degrees C still more 
preferably. 

[0030] Another desirable approach makes non-magnetic metal emit by diffusion fi-om the metal bleedofif 
layer which adjoined the substrate layer and the magnetic layer, and the grain boimdary of a magnetic layer 
is made to diffiise it, and it is the **** approach. A metal bleedoff layer may be arranged right above [ of a 
magnetic layer ]. Moreover, if needed, as that maximum upper layer, the magnetic-recording medium of this 
invention may have the protective coat further as often adopted as the upper part of the magnetic layer 
usually described above in this technical field, as a suitable protective coat - that carbon (C) is independent 
for example, or the layer which consists of the compound, for example, C layer, WC layer, a SiC layer, and 
B4 the layer of the diamond-like carbon (DLC) which attracts attention recently in that it has higher degrees 
of hardness, such as C layer and hydrogen content C layer, especially can be mentioned - it can do. 
Especially, in operation of this invention, the protective coat which consists of carbon or DLC can be used 
advantageously. Such a protective coat can be formed with a spatter, vacuum deposition, etc. according to a 
conventional method. 

[0031] When using spatters, such as for example, the RF magnetron sputtering method, for deposition of a 
protective coat, Ar gas pressure of about three to 5 mTorr extent and the output of Abbreviation 600-1 000 W 
can be mentioned as suitable membrane formation conditions. In addition, a substrate is not heated during 
deposition. The thickness of this protective coat is the range of about 0.25-0.5nm/second, when it is 
desirable, and it converts this into the rate of sedimentation that it is the range of 4-8nm and it generally 
shows it. 

[0032] It may have the layer of an addition in ordinary use, otherwise the chemical treatment of arbitration 
etc. may be performed to the layer which is contained in an indispensable layer and the arbitration which 
described above the magnetic-recording medium of this invention in this technical field in addition to an 
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usable layer. For example, the lubricant layer of a fluorocarbon resin system may be formed on the above- 
mentioned protective coat, otherwise same processing may be performed. 

[0033] He could imderstand easily the magnetic-recording medium by this invention, its configuration, and 
manufacture from the above explanation. This invention is in the magnetic disk drive which used the 
magnetic-recording medium of this invention in the field of another further again. In the magnetic disk drive 
of this invention, although it is said that especially the structure is limited, it mcludes equipment equipped 
with the reproducing-head section for performing the recording head section for recording information in a 
magnetic-recording medium, and informational playback fundamentally. Especially, as for the reproducing- 
head section, it is desirable to have the magneto-resistive effect mold head which used the magnetic 
resistance element from which electric resistance changes according to magnetic field strength, i.e., an MR 
head. 

[0034] In the magnetic disk drive of this invention, it has preferably the conductor layer which supplies a 
sense current to a magneto-resistive effect component and this magneto-resistive effect component, and the 
reproducing-head section of the magneto-resistive effect mold which reads information from a magnetic- 
recording medium, and the recording head section of the induction type which has the magnetic pole of the 
couple formed with the thin film, and records information on a magnetic-recording medium can use the 
magnetic head of the compoimd die which comes to carry out a laminating. The reproducing head of a 
magneto-resistive effect mold includes the GMR head (a spin bulb GMR head etc. is included) using the 
AMR head or giant magneto-resistance which can have well-known various structures in this technical field, 
and used the anisotropy magneto-resistive effect preferably. If lowering and an off-track are small range 
about resistance of a conductor layer as compared with the magnetic head of the conventional compound die 
while making small the bow of the magnetic pole of the recording head section when the magnetic disk 
drive of a configuration as especially described above is used, information can be precisely read by high 
sensitivity. 
[0035] 

[Example] Subsequently, the following example explains further the magnetic-recording medium and its 
manufacture approach of this invention to a detail. 

It is Si02 with a thickness of 0.635mm at example 1 outer diameter of 65mm, and the bore of 20mm. The 
magnetic-recording medium of this invention was manufactured using the 2.5 inch silicon disc substrate 
with the fihn. In addition, m this manufacture process, the vacua was maintained through all processes. 
[0036] After preparing DC magnetron sputtering equipment of a GURASUTA tool method and exhausting 
the inside of all chambers to 1x10-10 Torr, Ar gas after carrying out defecation processing was introduced, 
and the partial pressure of gas of an oxidizing quality component was reduced and held below to 1x10-12 
Torr. First, Cr substrate layer of 19nm of thickness was deposited on charge power lOOW and the conditions 
of 5nm/second of rates of sedimentation, not heating a substrate under Ar gas pressure of 3 or less mTorrs 
by the 1st spatter chamber. Subsequently, the Co-17Cr-7Pt (at%) magnetic layer of 14nm of thickness was 
deposited with the same gas pressure as deposition of the above-mentioned substrate layer on charge power 
lOOW and the conditions of 0.6nm/second of rates of sedimentation, not heating a substrate similarly by the 
2nd spatter chamber. Then, with the vacuum mamtained, the substrate was heated to 450 degrees C within 
the conveyance chamber, and postannealing was performed. Finally, the carbon protective coat of 8nm of 
thickness was formed under the same Ar gas pressure by the 3rd spatter chamber on charge power 600W 
and the conditions of 0.25nm/second of rates of sedimentation. The magnetic-recording medium which has 
lamination as shown in drawin g 1 was obtained. 

[0037] When the micro cross-section structure of the polycrystal particle of the substrate layer of the 
obtained magnetic-recording medium and the micro cross-section structure of the magnetic particle in the 
magnetic layer on it were observed using the transmission electron microscope (TEM), it was checked that 
succeed the crystallographic axis of the crystal grain and one magnetic grain is formed on one substrate 
crystal grain. That is, in this example, the magnetic grain was able to be grown up without changing the 
superficial size on the crystal grain of a substrate layer. 

[0038] Before a result which was described above deposits (1) magnetic layer in this example, Formation of 
tfie inclusion layer (oxidation reaction layer of the oxidation component in the residents gas which mainly 
exists in a vacuum, and the crystal grain of a substrate layer) in the maximum front face of the crystal grain 
of a substrate layer, and deposition of (2) magnetic layers are faced. It is dependent on giving [ energy for 
the magnetic particle made to come flying to carry out migration on a substrate side ] ** having been 
controlled. That is, the former (1) was able to be controlled by having defecated Ar gas used for reduction 
(below 1x10-10 Torr) of a base pressure, and discharge by the spatter, and having reduced the partial 
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pressure of a oxidizing gas component below to 1x10-12 Torr. Moreover, the latter (2) was able to be 

controlled by avoiding substrate heating and performing room temperature deposition. 

Although the technique of a publication was repeated in the example 2 aforementioned example 1 , in this 

example, the 0.6nm [/second ] rate of sedimentation was used instead of 5nm/second as the rate of 

sedimentation of Cr substrate layer of 19nm of thickness. In said example 1, also although the crystal grain 

which has the superficial size of the almost same value as thickness could be obtained and it excelled, since 

the lower rate of sedimentation was used, the superficial size of crystal grain was able to be reduced by this 

example. 

[0039] 

[Effect of the Invention] Since it became possible to control independently the segregation of the 
nonmagnetic matter to flie grain boundary section of magnetic grain size and a magnetic layer according to 
this invention as explained above, the development parameter which the medium formation technique in 
which high performance-ization was advanced by acceleration of microcrystal granulation of a magnetic 
grain and the grain boundary segregation of the noimiagnetic matter complicated can be simplified, and it 
can follow, and progress of the ED can be sped up. Furthermore, the magnetic-recording medium offered 
according to this invention is high coercive force very much, and by following, since high recording density 
is possible, it can be used in favor especially of HDD. 
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